Using fragment profiling, PCR, and Southern hybridization, we found that Salmonella enterica serovar Choleraesuis harbored virulence plasmids of various sizes, whereas serovars Typhimurium, Enteritidis, and Dublin carried a plasmid of a unique size. Also, the virulence plasmid of Typhimurium contained genes in the same order detected in the other three plasmids, all of which contained deletions.
dure recommended by the manufacturer (Bethesda Research Laboratories, Inc., Gaithersburg, Md.), and the fragments were electrophoresed in a 0.8% agarose slab gel. DND-DNA hybridization was performed according to the method of Southern (29) , and the stringency condition employed was that described by the supplier (Bio-Rad) of the material (Zetaprobe membrane). The probes were prepared by PCR amplification of the 14 gene (or operon [ Table 1 ]) fragments from OU5045 (Typhimurium strain C5, a laboratory strain) with the primers listed in Table 1 . The probes were labeled with [ 32 P]dCTP (specific activity of 3,000 Ci/mmol; Amersham) by the random primer method described by the supplier (Bethesda Research Laboratories), and the hybridized DNA was detected with an X-ray film with an intensifying screen. Note that sometimes two or more different segments in an operon were amplified. The PCR (solution supplied by Epicentre Technologies), with a 50-l reaction mixture, was performed essentially under the conditions previously described (4). For cloning and sequence determination, the fragment in the gel was eluted and purified with an agarose gel DNA extraction kit (Boehringer Mannheim). The nucleotide sequence was determined by the dideoxy method (28) .
The plasmids found in clinical isolates were examined for the presence of the spv genes. A virulence plasmid was defined here as a plasmid that carried an spv gene. Of the strains that were found to contain a virulence plasmid, all 203 clinical and laboratory strains of Typhimurium harbored a 95-kb virulence plasmid; all 27 Enteritidis strains harbored a 60-kb plasmid, and all 7 Dublin strains harbored an 80-kb plasmid. Only Choleraesuis strains harbored virulence plasmids of various sizes: 10 strains harbored 50-kb plasmids, 2 harbored 100-kb plasmids, and 5 harbored 110-kb plasmids.
Whether or not the four serovar plasmids carried the nine known operons or genes (Table 1) was then determined. All nine operons or genes were detected on pSTV, and the other three virulence plasmids all carried the spv operon (Table 2) , as expected, as well as samA, operon par, and repA of Rep-FIIA. However, oriT and rck were absent in pSCV, while pSEV lacked traT and traX-finO regions. Furthermore, pSDV carried no oriT, repA of FIB, pefD, orf5, and rsk. It appears, therefore, that the lack of oriT is the reason for the inability of pSCV and pSDV to be mobilized by an F plasmid (23) . Also, the presence of repA of RepFIIA, operon par, and incR, the genes involved in incompatibility, in all plasmids confirms the earlier observation that these plasmids are all incompatible with pSTV (21) .
The physical (HindIII restriction fragment) and genetic maps of the four plasmids examined are shown in Fig. 1 . All pSEV and pSTV plasmids, respectively, generated identical fragment profiles. For pSCV, all 50-kb plasmids produced identical fragment profiles ( Fig. 1) , whereas the larger plasmids produced profiles that differed from one another. Also, two fragment profiles were produced from pSDV: one seen in the pSDV (Fig. 1 ) of the two laboratory strains and the other (not shown) derived from strain Lane (supplied by J. Fierer [15] ) and all clinical isolates. The fragment profile of the former, being more closely related to the other three than the Lane type, was presented here.
In Fig. 1 , pSEV, pSCV, and pSDV are aligned with pSTV. Fragment H3 of pSEV contained a large deletion (22 kb) (25) . This is consistent with the observation of Montenegro et al. (18) . In addition, a smaller deletion was found in H7. The location of these deletions has been determined in terms of the nucleotide sequence of the area and the counterparts in pSTV. Each of the H3 and H4 fragments of pSCV (50 kb) also contained a deletion (Fig. 1) . These deletions apparently were the reasons for the smaller molecular sizes of pSEV and pSCV (50 kb). With regard to pSDV (pOU1100 and pOU1113 of the laboratory strains), H4 contained some deletion, the location of which had not been precisely determined. All four virulence plasmids contained a region of parB-parS (in the 2.8-kb H6 of pSEV and 2.6-kb fragments of the others)-parA-incR-(tlpA)-spvR-spvA-(spvB)-spvC. This region corresponds presumably to the homologous region shown in the heteroduplexes (18) . The region from repA of RepFIIA to samA, which contained finO-traX-traT-traA-traM-oriT, was carried in the 46.5-kb (H1ϩH4) fragment of pSTV. The corresponding fragments in the other three plasmids (H3ϩH7 of pSEV, H3 of pSCV, and H3ϩH5ϩH4 of pSDV) were all shorter, because these regions contained deletions of various sizes as described above. Consequently, some gene regions would naturally be missing in these fragments. The region from rsk-repA (RepFIB) to the pef operon to part of repA (RepFIIA) was contained in the 23.4-kb fragment (H3ϩH7ϩH5) of pSTV, 22.4-kb fragment (H2ϩH4) of pSEV, and 16.8-kb fragment (H2ϩH4), which contained a deletion in H4, of pSCV. Interestingly, the corresponding region, the 23.4-kb fragment (H1), of pSDV produced positive results for rck and repA (RepFIIA) but not for rsk, repA (RepFIB), and operon pef, although positive DNA-DNA hybridization was observed for pefA to pefC (Table 2 ). This in- 
a ϩ, positive reaction; Ϫ, negative reaction; Ϫ/ϩ, PCR negative and Southern blot positive. dicated that this region was quite different from the corresponding region of the other three plasmids. Thus, excluding the genes absent due to the deletions, all genes (or operons) and their order detected are generally identical in all four plasmids.
The above observations suggest, as others have suggested (25) , that the four plasmids may share a common ancestor and that pSEV, pSCV, and pSDV might all have been derived from pSTV. The genes present are presumably evolutionarily advantageous to these plasmids. Serovars Typhimurium and Enteritidis carry two groups of SOS genes: umuC-umuD on the chromosome and samA-samB on the plasmid (20) . These two serovars can thus repair the DNA damage caused by UV light and chemicals, increasing their chances of survival. Whether Choleraesuis and Dublin carry umuC-umuD is unknown. The evolutionary process, however, may have helped each of these four plasmids to evolve into a plasmid uniquely adapted to its respective host. The plasmid size unique to each serovar may be a manifestation of this adaptation. 
